An aerobic, Gram-stain-negative, agarolytic rod-shaped bacterium, designated KMM 9504 T , was isolated from a sediment sample collected from the seashore of the Sea of Japan. Comparative 16S rRNA gene sequence analysis showed that strain KMM 9504 T belonged to the genus The genus Simiduia was initially described by Shieh et al. (2008) and currently includes two species: the type species of the genus, Simiduia agarivorans (Shieh et al., 2008) , and Simiduia areninigrae, which was proposed subsequently by Kim et al. (2012) . In the course of a survey of the biodiversity of micro-organisms that are associated with shallow marine environments, a Gram-stain-negative, aerobic, slightly yellowish, agarlytic bacterium, KMM 9504 T , was isolated from a sediment sample collected from the seashore of the Sea of Japan. In the present study the taxonomic position of the novel marine isolate, KMM 9504 T , was defined. Phylogenetic analysis based on 16S rRNA gene sequence analysis showed that strain KMM 9504 T belongs to the genus Simiduia and may represent a novel species of this genus. Differential phenotypic properties, together with a phylogenetic distinctiveness differentiated strain KMM 9504
The genus Simiduia was initially described by Shieh et al. (2008) and currently includes two species: the type species of the genus, Simiduia agarivorans (Shieh et al., 2008) , and Simiduia areninigrae, which was proposed subsequently by Kim et al. (2012) . In the course of a survey of the biodiversity of micro-organisms that are associated with shallow marine environments, a Gram-stain-negative, aerobic, slightly yellowish, agarlytic bacterium, KMM 9504 T , was isolated from a sediment sample collected from the seashore of the Sea of Japan. In the present study the taxonomic position of the novel marine isolate, KMM 9504 T , was defined. Phylogenetic analysis based on 16S rRNA gene sequence analysis showed that strain KMM 9504 T belongs to the genus Simiduia and may represent a novel species of this genus. Differential phenotypic properties, together with a phylogenetic distinctiveness differentiated strain KMM 9504
T from other recognized species of the genus Simiduia. From the phenotypic and molecular data obtained, a novel species with the proposed name Simiduia litorea is described.
Strain KMM 9504
T was isolated from a sediment sample collected offshore from the Sea of Japan, Russia, at a water depth of 0.5 m, as described previously (Romanenko et al., 2004) . Strain KMM 9504 T was grown aerobically on marine 2216 agar (MA) or marine broth (MB) (BD Difco), and stored at -80 uC in liquid MB supplemented with 30 % (v/v) glycerol. The type strains, Simiduia areninigrae KCTC 23293 T and Simiduia agarivorans JCM 13881 T were kindly provided by the respective culture collections and used for phenotypic and lipid analyses. Gram-staining, oxidase and catalase activities, and motility (the hanging drop method) were examined according to the standard methods described by Gerhardt et al. (1994) . The morphology of cells negatively stained with 1 % (w/v) phosphotungstic acid was examined by electronic transmission microscopy [Libra 120 (Carl Zeiss); provided by the Institute of Marine Biology FEB RAS] using carbon-coated 200-mesh copper grids. Hydrolysis of carboxymethylcellulose (CMC), starch, gelatin, and Tweens 20, 40, 80 were tested according to the standard methods described by Smibert & Krieg (1994) . The following physiological tests, including the hydrolysis of L-tyrosine, chitin, xanthine, hypoxanthine, casein, nitrate reduction (sulfanilic acid/a-naphthylamine test), formation of H 2 S from thiosulfate, growth at different salinities [0-15 % NaCl (w/v)], growth at different temperatures (5-44 u C) and pH values (5.0-11.5) were studied as described previously (Romanenko et al., 2013a) . Hydrolysis of DNA was examined using DNase Test Agar (BD BBL). Biochemical tests were carried out using API 20NE, API 20E, API ID32 GN and API ZYM test kits (bioMérieux) as described by the manufacturer. For polar lipid and fatty acid analyses, strain KMM 9504
T and the related type strains, S. areninigrae KCTC 23293
T and S. agarivorans JCM 13881 T , were cultivated on MA at 30 u C for 2 days. Standardization of the physiological age of cultures was achieved by harvesting colonies from the same quadrant on the agar plates according to the standard MIDI protocol (Sasser, 1990) . Fatty acid methyl esters (FAMEs) were prepared according to the procedure of the Microbial Identification System (MIDI) (Sasser, 1990) . Analysis of FAMEs was performed as described previously (Romanenko et al., 2013b) . Lipids were extracted using the method of Folch et al. (1957) . Twodimensional TLC of polar lipids was carried out on Silica gel 60 F 254 (10610 cm, Merck) using chloroform/methanol/ water (65 : 25 : 4;by vol.) for the first direction, and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4; by vol.) for the second (Collins & Shah, 1984) . Lipids were detected by spraying with cerium-ammonium-molybdate (CAM) followed by heating at 110 u C. Amino-containing lipids were determined with ninhydrin, phospholipids with molybdate reagent, glycolipids with alpha-naphthol, and choline lipids with Dragendorff's reagent. Respiratory lipoquinones were analysed by reversed-phase high performance TLC as described by Mitchell & Fallon (1990) . The 16S rRNA gene sequence of strain KMM 9504 T was determined according to methods described by Shida et al. (1997) and compared with 16S rRNA gene sequences retrieved from the EMBL/GenBank/DDBJ databases using the FASTA program (Pearson & Lipman, 1988) . Phylogenetic analysis of 16S rRNA gene sequences was performed using the software package MEGA5 (Tamura et al., 2011) after multiple alignments of data by CLUSTAL W (version 1.83; Thompson et al., 2002) . Phylogenetic trees were reconstructed by the neighbour-joining, the maximum-likelihood and the maximum-parsimony methods and the distances were calculated according to the Kimura two-parameter model. The robustness of phylogenetic trees was estimated by bootstrap analysis of 1000 replicates. DNA base composition was determined according to methods described by Marmur & Doty (1962) , with modifications (Owen et al., 1969) . DNA-DNA relatedness was measured using the hybridization method described by De Ley et al. (1970) .
Comparative phylogenetic analysis on the basis of its 16S rRNA gene sequence (1506 bp) showed that strain KMM 9504 T belonged to the genus Simiduia and was most closely related to Simiduia areninigrae KCTC 23293 T (97.3 % sequence similarity) (Fig. 1) , and related taxa. Filled circles, generic branches that are present in phylogenetic trees generated by the neighbourjoining, maximum-likelihood and maximum-parsimony methods; open circles, generic branches that are present in trees generated by the neighbour-joining and maximum-likelihood methods. Numbers indicate bootstrap values as percentages greater than or equal to 60 (neighbour-joining probability/maximum-parsimony probability/maximum-likelihood probability). proposed by Stackebrandt & Goebel (1994) . A DNA-DNA hybridization value of 40 % was determined between strain KMM 9504 T and Simiduia areninigrae KCTC 23293 T , which indicated that strain KMM 9504 T represents a separate species within the genus Simiduia; the hybridization value was significantly below the 70 % value proposed by Wayne et al. (1987) for species delineation. The morphological, physiological and biochemical properties of strain KMM 9504
T and related members of the genus Simiduia are listed in Table 1. Strain KMM 9504 T was an aerobic, Gram-stain-negative, agarlytic, slightly yellowish, rod-shaped bacterium. Strain KMM 9504
T grew well on MA, MB and could grow on TSA. Cells were motile by means of 1-2 polar and/or 2-8 lateral flagella, with cells having more than 1 or 2 flagella being predominant. Cells could be observed as weakly motile or non-motile due to them easily losing flagella. Numerous blebs that covered the surface of cells as a thick layer (100-150 nm) were found ( Fig. S1 ; available in the online Supplementary Material). S. agarivorans JCM 13881
T has been reported (Shieh et al., 2008) to be non-motile and non-flagellated and able to produce rarely monotrichous flagella, blebs and peritrichous prosthecae; the latter being branched or network-shaped. Unlike S. agarivorans JCM 13881 T , strain KMM 9504 T had mainly a multiple polar and lateral arrangement of flagella and could not produce prosthecae. S. areninigrae KCTC 23293 T was motile due to monotrichous flagella, and blebs and prosthecae were not observed (Kim et al., 2012) . Phenotypic properties that differentiated strain KMM 9504
T from related type strains of species of the genus Simiduia are displayed in Table 1 . Strain KMM 9504 T could be distinguished: from S. areninigrae KCTC 23293
T by its ability to hydrolyse gelatin and casein, and to produce cystine arylamidase (in API ZYM tests) and its negative reaction for urease; from S. agarivorans JCM 13881
T by its inability to grow at 37 u C and in .5 % (w/v) NaCl and to hydrolyse tyrosine, and by its positive growth at 7 u C and DNA hydrolysis and from both strains by its negative reaction for N-acetyl-bglucosaminidase (in API ZYM). The fatty acid compositions of strain KMM 9504
T and type strains of related species of the genus Simiduia are shown in Table 2 . Fatty acid profiles were similar with large proportions of C 16 : 1 , C 17 : 1 , C 16 : 0 , C 15 : 0 , C 17 : 0 and C 12 : 1 found in all tested strains, though some quantitative differences were observed ( Table 2 ). The fatty acid profile of strain KMM 9504 T was characterized by the predominance of C 16 : 1 (24.71 %), C 17 : 1 (18.25 %), followed by C 16 : 0 (12.97 %), T (data were obtained from the present study unless indicated otherwise). +, Positive; 2, negative; W, weak reaction. All strains were positive for oxidase and catalase production, nitrate reduction, hydrolysis of agar, CMC, starch, Tween-80, production of alkaline phosphatase, esterase C4, esterase lipase C8, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, and negative for hydrolysis of chitin, xanthine, hypoxanthine, formation of H 2 S, production of lipase C14, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, and afucosidase.
Characteristic 1 2 3
Cell size (mm) 0.6-0.861.8-3.6 0.5-0.761.4-1.8* 0.4-0.662.0-5.0D Flagella number C 15 : 0 (11.31 %), C 17 : 0 (6.93 %) and C 12 : 1 (5.45 %), which together constituted 79.6 % of the total fatty acids. Strain KMM 9504 T was similar to S. areninigrae KCTC 23293 T in its content of C 15 : 0 , C 16 : 0 , C 17 : 1 v8c, and C 18 : 1 v8c. Strain S. agarivorans JCM 13881 T was distinguishable due to the abundance of C 18 : 1 v7c and C 17 : 0 , and the presence of small amounts of C 15 : 0 and C 16 : 1 v7c compared to the two other related strains (Table 2 ). Strain KMM 9504 T contained Q8 (87.5 %) as the major isoprenoid quinine; Q9 (10.5 %), Q7 (1.8 %) and Q10 (0.2 %) were minor components. Phosphatidylglycerol and phosphatidylethanolamine were the predominant polar lipids of strain KMM 9504 T , with diphosphatidylglycerol, an unknown aminolipid, an unknown aminophospholipid, three unknown phospholipids and three unknown lipids as minor components (Fig. S2) . Strains S. agarivorans JCM 13881 T and S. areninigrae KCTC 23293 T had similar lipid profiles, but contained lesser amounts of phosphatidylethanolamine and diphosphatidylglycerol compared to strain KMM 9504 T . S. agarivorans JCM 13881 T differed from the two other strains of species of the genus Simiduia due to the presence of an unknown lipid (L4) (Fig.  S2) . The DNA G+C content of strain KMM 9504 T was 50.3 mol%; below the values of 53.3 and 55.6 mol% reported for recognized species of the genus Simiduia (Kim et al., 2012; Shieh et al., 2008) . It is evident from the results obtained that the novel isolate, KMM 9504 T , should be assigned to the genus Simiduia on the basis of its physiological, biochemical and chemotaxonomic characteristics.
The phylogenetic distinctness of strain KMM 9504 T , isolated from sediment, was supported by morphological and phenotypic differences in the temperature and salinity ranges that supported its growth, its substrate hydrolysis pattern, enzymic activity and the DNA G+C content (Table 1) . Based on the results obtained, it is proposed that strain KMM 9504 T represents a novel species, which should be assigned to the genus Simiduia, with the proposed name, Simiduia litorea sp. nov.
Description of Simiduia litorea sp. nov.
Simiduia litorea (li.to're.a. L. fem. adj. litorea, of the seashore).
Gram-stain-negative, aerobic, oxidase-positive, catalasepositive, slightly yellowish, rod-shaped cells, 0.6-0.861.8-3.6 mm. Cells are motile by means of 1-2 polar and/or 2-8 lateral flagella; most cells were flagellated with .1 flagella. Cells grown on MA are weakly motile or non-motile due to easy loss of flagella. Cells produce numerous blebs that cover the surface of cells and flagella. Grow on/in MA, MB and on TSA, but not on R2A agar or Nutrient agar. On MA produce slightly yellowish, hemi-transparent shiny agarlytic colonies with regular edges. Growth occurs in 0.5-5 % NaCl [(w/v); optimum 1-3 %], and at 7-36 u C (optimum 28-30 uC). The pH range for growth is 5.5-9.5 (optimum 7.0-8.0). Gelatin, casein, DNA, agar, starch, CMC, and Tween 80 are hydrolysed. Positive for nitrate reduction. Negative for chitin, L-tyrosine, Tween 20, Tween 40, xanthine and hypoxanthine hydrolysis, and for H 2 S production. Positive for nitrate reduction, aesculin and gelatin hydrolysis, and assimilation of phenylacetate; negative for indole production, glucose fermentation, PNPG test, arginine dihydrolase, urease, assimilation of D-glucose, D-mannitol, maltose, D-gluconate, L-malate, D-mannose, L-arabinose, Nacetylglucosamine, caprate, adipate, and citrate in the API 20NE panel. According to the API 20E tests positive for gelatin hydrolysis and negative for PNPG test, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S and urease production under anaerobic conditions, tryptophane deaminase, indole production, acetoin production (Voges-Proskauer reaction), and oxidation/fermentation of D-glucose, D-mannitol, inositol, D-sorbitol, L-rhamnose, D-sucrose, D-melibiose, amygdalin and L-arabinose. According to ID32 GN tests, cannot assimilate any substrates included in the ID32 GN gallery. According to API ZYM tests, positive for alkaline phosphatase, esterase C4, esterase lipase C8, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, and negative for enzymic activity on other substrates included in the API ZYM strip. Isoprenoid quinones consist of ubiquinone, Q8 as the major one (87.5 %), with Q9 (10.5 %), Q7 (1.8 %) and Q10 (0.2 %) as minor constituents. The major fatty acids are C 16 : 1 v7c, C 17 : 1 v8c, C 16 : 0 , C 15 : 0 , C 17 : 0 and C 12 : 1 . The predominant polar lipids are phosphatidylethanolamine and phosphatidylglycerol, with diphosphatidylglycerol, an unknown aminophospholipid, an unknown aminolipid, three unknown phospholipids, and three unknown lipids as minor components. 
